Context. The construction of catalogues of galaxies and the a posteriori study of galaxy properties in relation to their environment have been hampered by scarce redshift information. The new 3-dimensional (3D) surveys permit small, faint, physically bound satellites to be distinguished from a background-projected galaxy population, giving a more comprehensive 3D picture of the surroundings. Aims. We aim to provide representative samples of isolated galaxies, isolated pairs, and isolated triplets for testing galaxy evolution and secular processes in low density regions of the local Universe, as well as to characterise their local and large-scale environments. Methods. We used spectroscopic data from the tenth data release of the Sloan Digital Sky Survey (SDSS-DR10) to automatically and homogeneously compile catalogues of 3 702 isolated galaxies, 1 240 isolated pairs, and 315 isolated triplets in the local Universe (z ≤ 0.080). To quantify the effects of their local and large-scale environments, we computed the projected density and the tidal strength for the brightest galaxy in each sample. Results. We find evidence of isolated pairs and isolated triplets that are physically bound at projected separations up to d ≤ 450 kpc with radial velocity difference ∆ ≤ 160 km s −1 , where the effect of the companion typically accounts for more than 98% of the total tidal strength affecting the central galaxy. For galaxies in the catalogues, we provide their positions, redshifts, and degrees of relation with their physical and large-scale environments. The catalogues are publicly available to the scientific community. Conclusions. For isolated galaxies, isolated pairs, and isolated triplets, there is no difference in their degree of interaction with the large-scale structure (up to 5 Mpc), which may suggest that they have a common origin in their formation and evolution. We find that most of them belong to the outer parts of filaments, walls, and clusters, and generally differ from the void population of galaxies.
Introduction
It has long been known that galaxies are not distributed uniformly through space (Abell 1958; Postman & Geller 1984; Einasto & Einasto 1987) . Recent galaxy redshift surveys like the Sloan Digital Sky Survey (SDSS; York et al. 2000; Eisenstein et al. 2011) , which map the large-scale structures (LSS) of the Universe in three dimensions (3D), have confirmed that galaxies are distributed in a hierarchical structure of filaments and walls, which surround large voids (Choi et al. 2007; Hoyle et al. 2012; Pan et al. 2012 ). More than half of the galaxies (54%) in the local Universe (z 0.1) appear concentrated in virialised groups and clusters (Courtois et al. 2013 ). Another 20% of galaxies are located in collapsing regions around groups and clusters (Tully 1987; Crook et al. 2007; Makarov & Karachentsev 2011) . Tables 1, 2 , 3, 5, and 6 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/.
The remaining populations of galaxies (26%) are referred to as "field" galaxies. A small fraction of these galaxies can be found in loose pairs and compact groups (Xu & Sulentic 1991; Karachentseva et al. 2011) .
The fraction of isolated galaxies (galaxies that have not been appreciably affected by their closest neighbours during a past crossing time t cc ≈ 3 Gyr, Verdes-Montenegro et al. 2005 ) is still uncertain. Short lists of isolated galaxies began to appear after it became clear that interactions produced significant radio and optical effects on galaxies (Sulentic 1976; Larson & Tinsley 1978) . The first major compilation of isolated galaxies, the Catalogue of Isolated Galaxies (CIG, Karachentseva 1973) , involved about 1000 objects visually selected from the First Palomar Observatory Sky Survey. Studies of this sample, carried out by the AMIGA (Analysis of the interstellar Medium of Isolated GAlaxies 1 ) project, represented the first statistically significant investigations, while others focussed more on de-tailed studies of smaller samples (Morgan et al. 1998; Márquez & Moles 1999; Varela et al. 2004 ).
With the advent of new digital data, the estimation of the fraction of isolated galaxies has been a topic of growing interest (Allam et al. 2005; Elyiv et al. 2009; Karachentsev et al. 2010; Karachentseva et al. 2010a,b,c) . Isolated galaxies represent the nurture-free zero point for characterising secular processes (Verley et al. 2007b,a) . The observed properties of isolated galaxies are likely to be determined mainly by their initial formation conditions and secular evolutionary processes (Arakelian & Magtesian 1981; Einasto & Einasto 1987; Solomon & Sage 1988; Coziol et al. 2011; Sabater et al. 2012; Fernández Lorenzo et al. 2014) .
Separating the effects of interaction-driven evolution in the observed galaxy properties is not trivial. Galaxies suffer intrinsic and secular evolution processes, but they are also exposed to the influences of their local and large-scale environments. There is a strong correlation of galaxy properties with the environment, such as the morphology-density relation (Dressler 1980) ; optical and ultraviolet luminosities and atomic gas mass function (Blanton & Moustakas 2009; Dariush et al. 2011) ; the morphology-mass relation (Calvi et al. 2011 ); the infrared luminosity and stellar-mass function (Balogh et al. 2001) ; galaxy colours (Grützbauch et al. 2011 , and references therein); the rate of accretion events (Ellison et al. 2010; Adams et al. 2012) ; and nuclear activity (Kauffmann et al. 2004; Choi et al. 2009; Sabater et al. 2013) . Additional studies are needed to separate the effect of one-on-one interactions from the influence of the LSS. Therefore, the study of field systems, such as galaxy pairs and galaxy triplets, is also helpful for understanding the galaxy evolution on intermediate scales between isolated galaxies and denser environments (i.e., groups and clusters).
The new 3D surveys are required to disentangle small, faint, linked satellites from a background projected galaxy population, which leads to a more comprehensive 3D picture of the surroundings. The construction of two-dimensional (2D) photometric-only catalogues of galaxies presents a large uncertainty introduced by projection effects. For instance, in a previous work (Argudo-Fernández et al. 2014) , we describe the 3D environment for a sample of 386 galaxies in the CIG using the Ninth Data Release of the SDSS (DR9; Ahn et al. 2012) . We found that almost all GIG galaxies (97%) are distributed following the LSS of the local Universe with a large heterogeneity in their degrees of connection with it, from galaxies in interaction with physical satellites (15%) to galaxies with no neighbours within 3 Mpc (less than 3%). For this reason, we aim to compile and characterise samples of isolated galaxies, isolated pairs, and isolated triplets in the local Universe without being biased by projected neighbours, by applying the lessons we have learned in previous works. These catalogues will represent valuable samples for future studies of the dependence of different galaxy properties on both the local and large-scale environments.
This study is organised as follows. In Sect. 2 the data and the isolation criteria used to compile the different samples are presented. The methods of identifying the physically bound pairs and triplets are described in Sect. 3. In Sect. 4 we introduce the parameters used to quantify the environment of the galaxies in the catalogues. We present our results in Sect. 5 and the associated discussion in Sect. 6. Finally a summary and the main conclusions of the study are presented in Sect. 7. Throughout the study, a cosmology with Ω Λ0 = 0.7, Ω m0 = 0.3, and H 0 = 70 km s −1 Mpc −1 is assumed.
Data and definition of the isolation
The data is based on the Tenth Data Release of the SDSS (DR10; Ahn et al. 2013) . We defined a primary sample composed of galaxies from the main spectroscopic sample (Strauss et al. 2002) with r-band (the deepest SDSS images) model magnitudes in the range 11 ≤ m r ≤ 15.7 (sufficient to develop a homogeneous isolation definition fainter within at least 2 magnitudes than the primary, since the redshift completeness of the SDSS is m r,Petrosian < 17.77 mag), and over a redshift range 0.005 ≤ z ≤ 0.080. We discarded galaxies with redshift lower than 0.005 to avoid nearby sources for which isolation cannot be estimated well (Verley et al. 2007b ) and larger errors from photometry for very extended galaxies. Galaxies with a redshift above 0.080 were also discarded to facilitate future studies based on visual morphological classifications.
After compiling a first sample of primary galaxies using these conditions, we proceeded to clean the sample following a pipeline similar to the one developed in Argudo-Fernández et al. (2014) : (a) we selected all galaxies within at least 1 Mpc radius completely sampled by the SDSS-DR10 photometric footprint, (b) we performed a star-galaxy separation in order to reject stars misclassified as galaxies in the automated SDSS pipelines, and (c) we applied an automated cleaning process to discard multiple identifications of the same galaxy.
To characterise the environment of primary galaxies, we used the CasJobs 2 tool to search for neighbours (hereafter the neighbour sample) within 1 Mpc around each candidate isolated galaxy in the primary sample and with redshift between 0.001 and 0.100 (in either the SDSS main galaxy spectroscopic sample or the Baryon Oscillation Spectroscopic Survey; BOSS, Dawson et al. 2013) . Star-galaxy separation and cleaning for multiple identifications as in Argudo-Fernández et al. (2014) were also performed to avoid duplication in the neighbour sample.
The SDSS spectroscopic main galaxy sample is supposed to be complete in the range 14.5 m r 17.7 (Strauss et al. 2002) . We minimised the effects of redshift incompleteness by selecting primary galaxy fields where the percentage of extended neighbours within 1 Mpc with measured spectroscopic redshift is higher than 80%. On this basis we discarded 24% of the fields.
The final primary galaxy sample was composed of 33 081 galaxies surrounded by 1 607 947 neighbours. These compiled samples were used to extract catalogues of isolated galaxies, isolated pairs, and isolated triplets. We searched for galaxies in the primary sample with, respectively, zero, one, and two companions in the neighbour sample and within radial velocity differences −500 ≤ ∆ ≤ 500 km s −1 (and within 1 Mpc) from the primary galaxy. Our isolation criterion is therefore based on selection in a velocity difference-projected distance space.
We removed multiple identifications for the same pair and/or triplet candidates by choosing unique systems where the brightest galaxy is in the primary sample. This brightest galaxy must have one or two neighbours according to the isolation criteria, if the system is a candidate for isolated pair or isolated triplet, respectively. Using these criteria, we found a total of 3 867 isolated galaxy, 4 002 isolated pair, and 3 052 isolated triplet candidates.
Not all galaxies in the magnitude range 14.5 m r 17.7 are in the SDSS spectroscopic sample. Owing to fibre collisions (two fibres of the SDSS spectrograph cannot be placed closer than 55 , Strauss et al. 2002) close galaxy pairs or mergers cannot always be independently identified as distinct targets. To amend this, we therefore visually revised the SDSS three-colour images of each candidate in the previous samples. We also used the environmental search of the NASA/IPAC Extragalactic Database (NED 3 ) to search for the redshift of possible companions without spectroscopic information in the SDSS. On this basis we removed 201 isolated galaxy candidates, 155 isolated pair candidates, and 94 isolated triplet candidates.
Out of the 201 isolated galaxy candidates removed, 53 were candidate mergers. Out of the 155 pair candidates removed, we identified 35 as candidate isolated galaxy since the"'neighbour" is actually part of the same primary galaxy (i.e., an H II region or a source missed by our cleaning pipeline in very extended primaries). Similarly, out of the 94 triplet candidates removed, one was identified as an isolated galaxy (the two other components of the "triplet" are found to be H II regions), and 29 were identified as pairs. The final numbers of isolated system candidates are 3 702 isolated galaxies, 3 876 isolated pairs, and 2 958 isolated triplets.
Physical definition
Isolated galaxies are assumed, by definition, to have escaped serious influences from their nearest neighbours during a crossing time t cc ≈ 3 Gyr (Verdes-Montenegro et al. 2005 ). When assuming a typical "field" velocity dispersion of the order of 190 km s −1 (Tonry et al. 2000) , a crossing time of about t cc ∼ 5 Gyr is implied for crossing the selected field radius of 1 Mpc. Isolation degree as defined in this study is more conservative than the previous definition connected with the CIG sample. The adopted catalogue of isolated galaxies is composed of the 3 702 entries considered to have been isolated a majority of their lifetimes.
The 2D distribution of ∆ and distance d (from the brightest galaxy, hereafter A galaxy) for isolated pair and triplet candidates, shows an over-density, approximately at −200 ∆ 200 km s −1 and d 500 kpc (see the upper panel of Fig. 1 ). This means that neighbour galaxies within these limits are likely to be physically connected to their corresponding A galaxy. Conversely, neighbour galaxies showing higher ∆ and d would very likely be related to the underlying large-scale distribution of galaxies.
As the previous work of Argudo-Fernández et al. (2014) , the distribution of line-of-sight velocity differences with respect to the A galaxy, in this case for isolated pairs and isolated triplets candidates, shows a Gaussian distribution. We follow a similar procedure to identify the physically bound companions by analysing the location of the neighbours within the distribution with respect to the A galaxy. The middle panel of Fig. 1 shows an estimation of the standard deviation σ of the ∆ ≡ | A − N | distribution, where A and N are the line-of-sight velocities of the A galaxy and neighbour N, respectively. The best Gaussian distribution fit gives a value of σ = 80 km s −1 . The neighbour galaxies within ∆ ≤ 2σ (95.4% of the physically linked companions) show a tendency to be located within the first 450 kpc from the A galaxy (see the lower panel of Fig. 1 ). Inside this area, another over-density region can be detected from 0 to 250 kpc (shaded inner region in lower panel of Fig. 1 ). We consider that the nonzero excess of similar redshift galaxies at larger distances is due to galaxies of their associated LSS.
To select physically bound isolated systems, we considered isolated pairs where the faintest galaxy, hereafter B, has ∆ ≤ 160 km s −1 (2σ) and d ≤ 450 kpc (shaded outer region in lower panel of Fig. 1 ). In the case of isolated triplets, we required that 3 http://ned.ipac.caltech.edu/ the two fainter galaxies, hereafter B and C galaxies, both satisfy ∆ ≤ 160 km s −1 and d ≤ 450 kpc.
Quantification of the environment
We used two parameters to quantify the effects of one-to-one interactions and the large-scale environment on galaxy properties (Verley et al. 2007a; Sabater et al. 2013; Argudo-Fernández et al. 2013 : the tidal strength parameter Q (Eq. 1) and the projected density η k (Eq. 2).
Tidal strength
The tidal strength parameter Q is an estimation of the total gravitational interaction strength that the neighbours produce on the central galaxy with respect to its internal binding forces. The tidal strength on a primary galaxy P created by all the neighbours i in the field is
where M is the stellar mass of the galaxy and d i the projected physical distance of the i th neighbour to the primary galaxy. Stellar masses were calculated by fitting the spectral energy distribution on the five SDSS bands using the routine kcorrect (Blanton & Roweis 2007) . The parameter D P = 2αr 90 is the estimated diameter of the primary galaxy, where r 90 , the Petrosian radius containing 90 % of the total flux of the galaxy in the r band, is scaled by a factor α = 1.43 to recover the D 25 (ArgudoFernández et al. 2013) . The greater the value of Q, the less isolated from external influence the primary galaxy. The value of Q is flagged as "NULL" when there is no neighbour to estimate it.
Projected density
To characterise the LSS around the primary galaxies in the catalogues, we also defined the projected number density parameter as
where d k is the projected physical distance to the k th nearest neighbour, with k equal to 5, or less if there were not enough neighbours in the field. The farther the k th nearest neighbour, the lower the projected number density η k,LSS . The value of η k,LSS is flagged as "NULL" when there are one or zero neighbours. For isolated pairs and isolated triplets, the components of the system are excluded for estimating the projected density, so we consider these systems as a whole when studying their relation to the LSS.
Results

The catalogues
We compiled catalogues of isolated galaxies, hereafter SIG 4 , isolated pairs, hereafter SIP 5 , and isolated triplets, hereafter SIT 6 in the local Universe. We identified 3 702 isolated galaxies (see , and the corresponding Gaussian distribution fits for σ between 70 and 100 km s −1 (grey curves) with the best fit (blue curve) within the first 250 km s −1 (red dashed line). The corresponding 2σ is shaded. (Lower panel): Probability density function (PDF) for neighbour galaxies within 2σ over PDF for the background flat population selected in the interval 300 < ∆ < 500 km s −1 , as a function of the distance to the A galaxy. Red dashed and blue dash-dotted lines correspond to the median and mean values in the different distance intervals, respectively. The inner regions up to 250 kpc and 450 kpc are shaded. 2) with no neighbours within ∆ ≤ 500 km s −1 and d ≤ 1 Mpc. The SIG sample represents about 11% of the total number of galaxies in the local Universe (z ≤ 0.080) considered in the study.
For the final pair and triplet catalogues, we followed a similar criteria to Argudo-Fernández et al. (2014) and considered that the over-density of similar redshift galaxies found in the lower panel of Fig. 1 is due to the nature of the physically bound systems. Therefore the bound isolated systems are selected when ∆ ≤ 160 km s −1 (2σ) and d ≤ 450 kpc. These selection criteria lead to 1 240 isolated pairs (see Table 2 ) and 315 isolated triplets (see Table 3 ). The SIP and SIT samples represent about 7% and 3% of the galaxies in the local Universe considered in the study, respectively. Galaxies in pairs and triplets represent almost half of the galaxies considered as field galaxies in the local Universe (26%). Figures B.1, B .2, and B.3 show some SDSS images of galaxies in the catalogue of isolated galaxies, isolated pairs, and isolated triplets, respectively.
The distribution of the redshifts for isolated galaxies, isolated pairs, and isolated triplets (see Fig. 2 ) shows that there is no preferred location (there is no trend with redshift for the three samples), which suggests that there is no obvious concentration associated with major components of large-scale structure. To visualise this resultbetter we have developed the interactive visualisation tools described in Appendix A.
Comparison with previously existing catalogues
There are other extant catalogues of isolated galaxies, isolated pairs, and isolated triplets available in the literature. Unfortunately, a direct comparison of the properties of the galaxies with them becomes very complicated owing to the different nature of the samples (selection criteria, database, wavelength, etc.). The homogeneity in the selection criteria of the SIG, SIP, and SIT catalogues permits an easier comparison and interpretation of the results. Nevertheless, as a first step, we need to understand the similarities and differences of our catalogues with respect to the 2D and 3D catalogues in the literature. For this comparison, we use publicly available catalogues based on vi- Table 1 . SDSS-based catalogue of 3 702 isolated galaxies (SIG) in 3D and relation with their large-scale environment. sual 2D isolation criteria and catalogues based on SDSS 3D information for consistency with our work. Pioneering works that identify isolated galaxy systems in 2D, before the era of large data sets from redshift galaxy surveys, were performed by Karachentseva (1973) for a catalogue of isolated galaxies (hereafter CIG), Karachentsev (1972) for a catalogue of isolated pairs (hereafter KPG), and Karachentseva et al. (1979) for a catalogue of isolated triplets (hereafter KTG). It is worthwhile mentioning that the CIG, KPG, and KTG were compiled using a 2D visual isolation criterion based on comparing galaxy apparent diameters with the foreground and background galaxies.
Recently, other catalogues of isolated galaxies, isolated pairs, and isolated triplets have been compiled in 3D using digital data and are publicly available (Geller et al. 2006; Makarov & Karachentsev 2009; Karachentseva et al. 2010a; Freedman Woods et al. 2010 ). For consistency, we selected samples based on SDSS spectroscopy to compare with our catalogues of isolated galaxies, isolated pairs, and isolated triplets. We selected the UNAM-KIAS catalogue of isolated galaxies (Hernández-Toledo et al. 2010 ) based on SDSS-DR5 data, where the authors applied a CIG-like isolation criterion with the addition of a third condition about velocity difference between central galaxy and neighbours. To compare with our catalogue of isolated pairs, we chose the sample of pairs (with projected separations d < 5 − 20 h −1 kpc) compiled by Patton & Atfield (2008) to study the luminosity dependence on pair distance which is based on data from SDSS-DR5. We used the catalogue of triplets compiled by O'Mill et al. (2012) , based on SDSS-DR7 spectroscopic data, to compare with our catalogue of isolated triplets.
We based our comparison on the galaxies in common with the primary sample (sample of candidates before applying the isolation criteria), i.e., how many galaxies satisfy the same selection criteria in magnitude and redshift ranges, field coverage, and redshift completeness, as explained in Sect. 2. Then we checked how many of the primary galaxies are found to be the A galaxy in the SIG, SIP, and SIT catalogues. The results of the comparisons are listed in Table 4 . The CIG is originally composed of 1050 galaxies, and we find 275 CIG galaxies in the primary sample. Out of them we find 79 in our catalogue of isolated galaxies. In comparison with the KPG, composed of 603 galaxy pairs, we find 170 in our primary sample, and only three of them are in our isolated pairs. In the case of galaxy triplets, the KTG is (1) isolated pair identification; (2) index of the galaxy in the pair: "1" for the A galaxy, "2" for the B galaxy; (3) J2000.0 right ascension in degrees; (4) J2000.0 declination in degrees; (5) redshift of the galaxy.
composed of 84 triplets, out of which we find 20 in the primary sample, and only one KTG in our 3D isolated triplets. Similarly, in comparison with the catalogues based on SDSS data, there are 449 isolated galaxies, three isolated pairs, and one isolated triplet in common (see discussion in Sect. 6.2).
Relation to the large-scale structures
To understand the effects of the large scale environment on galaxy properties, we characterise the LSS around each primary galaxy up to 5 Mpc. We consider part of the LSS the neighbour galaxies within ∆ ≤ 500 km s −1 from 1 to 5 Mpc. Not all the galaxies in the catalogues have a 5 Mpc field radius that is completely covered by the SDSS footprint. To identify these galaxies, we added the column f LSS with value "1" if the galaxy has a 5 Mpc field radius within the SDSS footprint, and "0" if not, in Tables 1, 5 , and 6.
There are 3 535 isolated galaxies, 1 182 isolated pairs, and 301 isolated triplets within the SDSS footprint at 5 Mpc, which corresponds to 95.5% of the galaxies in each sample. Out of (1) isolated triplet identification; (2) index of the galaxy in the triplet: "1" for the A galaxy, "2" for the B galaxy, and "3" for the C galaxy; (3) J2000.0 right ascension in degrees; (4) J2000.0 declination in degrees; (5) redshift of the galaxy. Notes. The line separates samples that use the SDSS (lower part) from samples that do not (upper part). The columns correspond to: (1) name of the catalogue; (2) number of galaxy systems in the original catalogue; (3) number of (central) galaxies in common with our primary sample (sample of candidates before applying the isolation criteria); (4) number of (central) galaxies found in the SIG, SIP, or SIT catalogues; (5) percentage with respect to the galaxies in common to the fourth column.
them, we find 31 isolated galaxies, 9 isolated pairs, and 0 isolated triplet with no neighbours within ∆ ≤ 500 km s −1 up to 5 Mpc. We check that these galaxies are not mainly located in voids (we discuss this further in Sect. 6.3) also using the visualisation tools described in Appendix A.
The tidal strength generated by the galaxies in the LSS is defined as Q LSS . The results of the quantification of the large-scale environment for isolated, pair, and triplet galaxies are shown in Fig. 3 .
For isolated pairs and isolated triplets, the tidal strength produced by galaxies of the same system, in comparison to the tidal strength exerted by galaxies in the LSS, leads to an evaluation of the effects of the isolated systems with respect to the large-scale environment. We therefore define Q pair and Q triplet for pairs and triplets, taking only the galaxies that belong to the same isolated system into account (the B galaxy for pairs, and the B and C galaxies in the case of triplets). We also define Q total , which accounts for the total amount of tidal strength exerted by both the neighbour galaxies within the pair and triplet and by the galaxies from the large-scale environment. Therefore, the ratios Q pair Q total and Q triplet Q total take values from 0 to 1 if the galaxies of the isolated system amount to 0% to 100% of the total tidal strengths. These , relation between Q pair and the total tidal strengths on the A galaxy Q total , from 0 to 1 if the isolated system amounts from 0% to 100% to the total tidal strength. Table 6 . Isolated triplets: relation with their local and large-scale environments.
(1) (2) (3) (4) (5) (6) (7) (8) 
Notes.
The full table is available in electronic form at the CDS. The columns correspond to: (1) isolated triplet identification; (2) k LSS , number of LSS associations; (3) f LSS , footprint flag: "1" if the A galaxy has a 5 Mpc field radius in the SDSS footprint, "0" if not; (4) d NN , distance from the A galaxy to the first nearest neighbour of the LSS (from 1 Mpc to 5 Mpc); (5) η k,LSS , projected density estimation of the LSS; (6) Q LSS , tidal strength estimation of the LSS; (7) Q triplet , tidal strength estimation on the A exerted by the B and C galaxies; (8)
, relation between Q triplet and the total tidal strengths on the A galaxy Q total , from 0 to 1 if the isolated system amounts from 0% to 100% to the total tidal strength. ratios for isolated pairs and isolated triplets are tabulated in Col. 8 in Tables 5 and 6 , respectively.
Discussion
The catalogues
To study the intrinsic processes that affect galaxy evolution, it is crucial to have a reference sample of galaxies where the ef- Red circles, green squares, and blue triangles represent isolated galaxies, isolated pairs, and isolated triplets, respectively. (Lower right panel): Projected density η k,LSS versus tidal strength Q total diagram. Red circles, green squares, and blue triangles represent isolated galaxies, isolated pairs, and isolated triplets, respectively. fects of their local and large-scale environments are minimised and quantified. As shown in Sect. 5.1, the catalogues of isolated galaxies, isolated pairs, and isolated triplets have been homogeneously selected using an automated method. The SIG catalogue is composed of 3 702 galaxies with no neighbours within ∆ ≤ 500 km s −1 in a field radius of 1 Mpc. In the case of the SIP and SIT catalogues, we identify 1 240 isolated pairs and 315 isolated triplets, with no neighbours within ∆ ≤ 500 km s −1 in a field radius of 1 Mpc. These uniformly selected catalogues offer the opportunity to test model predictions for galaxy evolution.
The velocity difference of pairs and triplets shown in Fig. 1 follows a Gaussian distribution, meaning that most of the pairs and triplets are relaxed systems. Indeed, if the pairs and triplets were mostly fly-by encounters, there would be no preferred values for the velocity differences between the central galaxies and their companions. A flat distribution would be observed, as is the case for ∆ 300 km s −1 . As a result, the Gaussian distribution shows that most of the pair and triplet systems are already virialised and suggests that they did not form by chance unless the captures occurred at a primordial epoch. These pair and triplet samples should then shed light on the effects of secular evolution of galaxies in interaction with respect to isolated galaxies or galaxies just temporarily affected by some fly-by companions. It is left for simulations to show if the most isolated systems today are likely to have spent all or most of their lives in isolation. For each galaxy in the catalogues, we provide its position, redshift, and quantification of the environment (see Table 1 for isolated  galaxies, Tables 2 and 5 for isolated pairs, and Tables 3 and 6 for isolated triplets).
In the upper panel in Fig. 4 , we show the mass ratio for galaxies in the catalogues of isolated pairs and isolated triplets. In isolated pairs, the mass of the B galaxy is typically one-tenth of the mass of the A galaxy. This means that isolated pairs usually show a hierarchical structure, therefore it is less probable to find a pair with two similar mass galaxies. For the triplets, the mass ratio of the A and C galaxies is much smaller (∼ 1/100) than the A and B galaxies. This result is also visible in some of the examples in Fig. B.3 , the C galaxy is usually very much smaller than the A and B galaxies, and it also presents a hierarchical structure. For isolated pairs and isolated triplets, we consider the central (A) galaxy to be the brightest, which is not directly translated into its being the most massive galaxy, so we find a small fraction of mass ratios higher than one in the upper panel of Fig. 4 .
Our results are compatible with Mármol-Queraltó et al. (2012 and, more recently, with Ruiz et al. (2014) , who characterised the population of satellites around massive ellipticals (M 2 × 10 11 M ). They find that on average, there is about one satellite around each central galaxy, down to a mass ratio 1/100. In particular, only about 23% of the satellites have mass ratios around 1/10, versus ∼ 50% for mass ratios 1/100, and even > 60-70% down to 1/400. Even if we are restricted to lower mass central galaxies (8 log(M ) 11.5), we find that the number of physically bound pairs and triplets increases from a mass ratio 1/10 to mass ratio down to 1/100.
Comparison with previous existing catalogues
As described in Sect. 5.2, we selected the CIG and the UNAM-KIAS to compare with the SIG catalogue, the KPG and the sample of close pairs compiled by Patton & Atfield (2008) to compare with the SIP catalogue, and the KTG and the catalogue of triplets compiled by O'Mill et al. (2012) to compare with the SIT catalogue.
The results of the comparison with the CIG, KPG, and KTG are shown in the first three rows of Table 4 . The small overlap between the initial number of galaxies in the comparison samples and the number of galaxies in the primary sample is mainly due to the different sky coverage of the spectroscopic SDSS and the POSS (Palomar Observatory Sky Survey). As shown in Table 4 , about 29% of the CIG galaxies are in common with our catalogue of isolated galaxies, and only about 2% of the KPG galaxies and 5% of KTG triplets are found in our catalogues of isolated pairs and isolated triplets, respectively. These results agree with Argudo-Fernández et al. (2013) , who find that about 25% of the CIG galaxies (105 of the 411 CIG galaxies considered in their study) have no known neighbours with |∆ | ≤ 500 km s −1 within 1 Mpc in the SDSS-DR9. The visual isolation criterion based on apparent magnitude differences (due to the small fraction of galaxies with known redshifts at this time) to compile the CIG (and similarly to compile the KPG and KTG) misses close, small neighbours with similar redshift. Moreover, it introduces false pairs and triplets with a very high velocity difference between their members due to projection effects.
The three last rows of Table 4 show the result of the comparison with the catalogues based on SDSS spectroscopy. To help the interpretation of the results, we look for neighbours with (blue dash-dotted histogram) for isolated pairs and isolated triplets, respectively. ∆ ≤ 500 km s −1 within 1 Mpc around each galaxy in the comparison samples. Figure 5 shows the normalised distribution of distance for the similar-redshift neighbours with respect to the central galaxy.
We find 43.5% of the UNAM-KIAS galaxies in common with our isolated galaxies. This average overlap is mainly due to the different isolation criteria. The isolation criterion followed by Hernández-Toledo et al. (2010) is a mixed criterion between the CIG and a pure 3D definition. The distribution of the distance for neighbours with ∆ ≤ 500 km s −1 within 1 Mpc around galaxies in the comparison samples is shown in Fig. 5 . As shown in the upper panel of the figure, there are close neighbours with similar redshift missed by the UNAM-KIAS isolation criterion (similarly for CIG galaxies) and, by definition, zero neighbours for our isolated galaxies. In this sense, the SIG represents the first public catalogue of isolated galaxies based on a pure 3D isolation definition.
Regarding pairs and triplets, there is a very small overlap between the number of galaxies in our primary samples and the initial number of galaxies in the samples compiled by Patton & Atfield (2008) , because 90% of their central galaxies have m r > 15.7, and by O'Mill et al. (2012) since 97% of their central galaxies have z > 0.08. The middle and lower panels of Fig. 5 show that the close pairs and triplets found in the comparison samples are less isolated than our isolated pairs and isolated triplets. (The systems have neighbour galaxies, at least up to 1 Mpc, that may influence their evolution.) In fact only 7% of the isolated pairs and 5% of the isolated triplets are in common. An isolation criteria is not used in these samples, so our isolated pairs and isolated triplets are not as close as theirs but are very well-isolated systems.
To date, there are no public catalogues that allow a direct separation between the effects of one-on-one interactions and the effects of the large-scale environment when studying galaxy properties. Galaxies in our catalogues have been homogeneously selected under the same isolation criterion, so that the SIG catalogue is complemented by the SIP and SIT catalogues for testing galaxy evolution and secular processes. Our catalogues of isolated galaxies, isolated pairs, and isolated triplets represent suitable samples of isolated systems for studying the link of galaxy properties with their environment for bright galaxies in the local Universe.
Relation with the large-scale structure
As introduced in Sect. 4, we used the projected density η k,LSS and tidal strength Q LSS to quantify the large scale environment for isolated galaxies, isolated pairs, and isolated triplets. The upper panels in Fig. 3 show that there is no difference in their relation with the LSS between the three samples. The mean values of the tidal strength for isolated galaxies, isolated pairs, and isolated triplets are −5.09 ± 0.03, −5.05 ± 0.04, and −4.95 ± 0.09, respectively. (Uncertainties are given by the 95% confidence interval of the median.) Even if the mean value of the projected density for isolated galaxies (−1.38 ± 0.02) is slightly lower than for isolated pairs and isolated triplets (−1.28 ± 0.03 and −1.24 ± 0.07, respectively), the boxplots of Fig. 6 show that there is no significant difference between the three populations. This means that the isolated galaxies are as isolated, with respect to the large scale environment, as the isolated pairs and triplets. This suggests that these systems have a common origin in their formation and evolution.
When taking only the physical associations into account of the galaxies in pairs (B) and triplets (B, C), which define the tidal strengths Q pair and Q triplet , respectively, we see that their effects largely dominate (about 99.9%) the tidal strengths generated by the LSS (see also lower panel in Fig. 4) . The tidal strengths Q pair and Q triplet are two orders of magnitude higher than the Q LSS (see the lower right panel in Fig. 3) . Therefore, the effects of the LSS are negligible in contrast to the effect of one-on-one interactions.
We find very few galaxies with no neighbours within ∆ ≤ 500 km s −1 up to 5 Mpc. One can expect that these galaxies would be located in voids. The smallest identifiable voids in the local Universe have radii ∼ 7 h −1 Mpc (Tikhonov & Karachentsev 2006) , with voids usually having characteristic radii of 10-40 h −1 Mpc (Sutter et al. 2012) . Nevertheless, Figs. 7 and 8 (see also Appendix A for details) show that in general, . The blue solid histogram corresponds to the distribution of the distance for the B and C galaxies in our isolated triplets. most of the isolated galaxies, isolated pairs, and isolated triplets belong to the outer parts of filaments, walls, and clusters, and that they generally differ from the void population of galaxies.
To further explore this difference with void galaxies, we compared our catalogue of isolated galaxies with the public catalogue of voids compiled by Pan et al. (2012) , based on SDSS spectroscopy. We find that 33% of our isolated galaxies are located in voids. This result is expected since the relation of the radius where isolation is defined (1 Mpc) with respect to the typical size of regular clusters (from 1 to 10 Mpc) is much smaller than the relation with the typical radius of voids in the Universe (24 Mpc). Additionally, we found that only 14% of void galaxies, within the same limited volume as our primary sample are in isolation according to our criteria. This result reinforces the argument of the different natures of void and isolated galaxies.
Summary and conclusions
We present the SIG, SIP, and SIT catalogues of isolated galaxies, isolated pairs, and isolated triplets in the local Universe (z ≤ 0.08 and m r ≤ 15.7 mag). They were automatically and uniformly Boxplot representation of the distribution of the projected density η k,LSS for isolated galaxies, isolated pairs, and isolated triplets following the same scheme. selected using the SDSS-DR10. These systems show no known neighbours within ∆ ≤ 500 km s −1 and radius R = 1 Mpc. All the systems in the three final catalogues were visually inspected. The catalogues, with galaxy positions, redshifts, and degrees of relation with their physical and LSS environments, are publicly available to the scientific community. In addition, we provide interactive tools for visualising the relation of the galaxies in the samples with the LSS or any other catalogue.
The relations of the isolated galaxies, isolated pairs, and isolated triplets with the LSS of the local Universe are characterised using the projected density η k,LSS and the tidal strength Q LSS produced by the neighbours within ∆ ≤ 500 km s −1 up to 5 Mpc. Our main conclusions are the following:
1. The SIG catalogue of isolated galaxies is composed of 3 702 galaxies with no neighbours within ∆ ≤ 500 km s −1 in a field radius of 1 Mpc. The sample represents about 11% of the total number of galaxies in the local Universe considered in the study.
2. When analysing the distribution in velocity difference ∆ and projected distance d space for isolated pairs and isolated triplet candidates, we find evidence of physically bound galaxies at distances d ≤ 450 kpc within ∆ ≤ 160 km s −1 . 3. The SIP catalogue of isolated pairs contains 1 240 pairs, which were selected using the requirement that the faintest galaxy should be within ∆ ≤ 160 km s −1 and lie at a distance d ≤ 450 kpc with respect to the brightest one. The sample of isolated pairs represents about 7% of the total number of galaxies in the local Universe considered in the study. 4. Similarly, the SIT catalogue of isolated triplets consists of 315 triplets, selected under the condition that the two faintest galaxies satisfy ∆ ≤ 160 km s −1 and lie within d ≤ 450 kpc of the brightest galaxy. The sample of isolated triplets represents about 3% of the total number of galaxies in the local Universe considered in the study. 5. To reach a more homogeneous characterisation of the environment around the isolated samples, we analysed their large-scale environment up to 5 Mpc. We found 31 very isolated galaxies, 9 isolated pairs, and no isolated triplet without any neighbour within ∆ ≤ 500 km s −1 and up to 5 Mpc. For the remaining primary galaxies in the three samples, we defined the projected density η k,LSS and the tidal strength Q LSS to quantify their isolation degree with respect to their largescale environment. 6. The physical companions in pairs and triplets are the dominant factor in the tidal strengths Q pair and Q triplet exerted on the primary galaxies despite their hierarchical structure. This local tidal strength due to the physical companions is two orders of magnitude higher than the tidal strength due to the LSS. 7. There is no difference in the degree of interaction with the LSS for isolated singles, pairs, and triplets, which may suggest that they have a common origin (i.e., formation and evolution). We find that most belong to the outer parts of filaments, walls, and clusters, and generally differ from the void population of galaxies.
In comparison with the existing literature, the SIG, SIP, and SIT catalogues of isolated galaxies, isolated pairs, and isolated triplets represent particularly useful samples for studies of both one-on-one and the large-scale effects on galaxy properties. forwardly ported to any other operating system (Windows, Mac, FreeBSD, etc.).
Fig. 7. (Upper panel):
Equidistant cylindrical projection of the LSS for galaxies in the Northern Galactic Cap in the redshift range 0.030 < z < 0.035 (North is up, east to the left). Red circles, green squares, and blue triangles represent isolated galaxies, isolated pairs, and isolated triplets, respectively. (Lower panel): Pie chart projection of the LSS for the same galaxies within −2 and 2 degrees in declination. The over-plotted red disks represent isolated galaxies within the same declination range. SIG 2053 SIG , 1947 SIG , 950, 1144 SIG , 2719 SIG , 931, 2459 , and 3289. SIP 476, 13, 273, 153, 1079 SIP 476, 13, 273, 153, , 1123 SIP 476, 13, 273, 153, , 515, 1161 . 
